Aloe, eugenol, and thymol were combined in package for improving the quality and bioactive components of tomato during storage. Packaged tomatoes with these compounds were stored at 10 ± 1 o C and 85 ± 5% relative humidity for 16 days and lycopene, phenolics, ascorbic acid, antioxidant activity, microbial spoilage (counts), and total soluble solids of tomatoes were evaluated. Higher levels of lycopene, phenolics, and ascorbic acid were observed for aloe-, thymol-, or eugenol-incorporated to modified atmosphere packages, from which the aloe gel showed the highest efficiency. High and significant correlation was found between antioxidant activity and total phenolics content (R 2 = 0.72**, p < 0.01) of stored tomatoes. Beside this, aloe gel was the most effective treatment in reducing the microbial counts of tomato inside the package followed by thymol and eugenol during storage.
Introduction
Tomato (Solanum lycopersicum Mill) has been known as a nutritious fruit for a long time but its antioxidant properties that demonstrate health benefits including alleviation of chronic and cardiovascular diseases are more pronounced in last decades. [1] [2] [3] The fruit contains numerous bioactive compounds with antioxidant properties, which attributed to carotenoids, [2, 4] total phenolics (TP), and ascorbic acid. [5, 6] It also has been shown that the antioxidant potential of tomato varies among pulp, skin, and seed of fruits [5] and its ripening stages. [7, 8] Maintaining fruit quality in terms of appearance, flavor, and nutritive value is crucial. Modified atmosphere packaging (MAP) has shown as an effective way in quality maintenance of fresh produce by decreasing weight loss and delayed-respiration, but it seems that traditional (passive) MAP is not able to ensure the quality and safety issues to fulfill consumer demand. [9, 10] Passive MAP increases the humidity inside the package, and, therefore, enhances the risk of microbial growth, [11] while addition of antioxidants to gelatin-calcium carbonate composite films (active MAP) facilitated the conformational changes of the secondary structure and functional group of gelatin in films which improved radical scavenging capacities of composite films. [12] Alternaria alternata, Rhizopus stolonifera, and Botrytis cinerea are considered the most important pathogens of deterioration in tomato. [13] Different treatments such as ozone cyclic exposure, [14] ultraviolet-B (UV-B) irradiation, [15] and incorporation of methyl jasmonate with MAP [16] were used to maintain postharvest quality and enhancing antioxidant capacity in tomato; however, due to global concern about environment and human health, more convenient treatments need to be developed. Recently, it has been shown that the edible coating of cherry tomatoes, hydroxypropyl methylcellulose-beeswax formulated with antifungal food additives, reduced the Alternaria black spot and maintained post-harvest quality during cold storage. [17] Incorporation of natural compounds such as aloe gel, essential oils (EOs) into package with natural-base compound to protect packaged fruits from microbial spoilage, and, therefore, extending the shelf life of produce has overcome the extensive uses of chemicals and irradiation. [18] The efficiency of eugenol, thymol, and menthol in combination with MAP was reported in controlling microbial spoilage of table grape berry [19] and sweet cherry. [20] Besides reducing the occurrence of decay, the overall fruit quality of table grape and sweet cherry were preserved during post-harvest period in those fruit that treated by EOs. Also many EOs of medicinal and aromatic plants have been confirmed to possess the antioxidant potential, which may play an important role in neutralizing free radicals, quenching singlet oxygen, or decomposing hazardous peroxides. [21] The antimicrobial effect of aloe gel as an edible coating has recommended in many studies in fruits. Also it has been found that microbial populations were significantly reduced in aloe-treated sweet cherries than untreated fruits. [22] Therefore, the purpose of this study was to determine the incorporation of eugenol, thymol and aloe gel into MAP in retaining bioactive components and reducing decay potential of fruit during storage under modified atmosphere condition. Also, as part of present study the possible correlation of proposed antioxidant potential of component was discussed.
Materials and methods

Plant material and treatments
Tomato fruits cv. Assale were obtained from a commercial greenhouse near Rafsanjan (30 o 
30ʹN
, 56 o 05ʹE). Fruits were harvested at the mature red stage (surface color of the fruit was red) and transferred to laboratory immediately. Tomatoes free of visual defects and uniform in color and size were selected, randomized, and divided into 32 experimental units. Each treatment has four replications and contains eight individual fruits. Another four experimental units were used to analyze the characteristics of the fruits at harvest. The following four treatments were considered: (1) immersion in a solution of aloe vera gel (pharmaceutical quality, 100% purity) manufactured by Roig Farma S.A. (Tarrasa, Barcelona, Spain) which was diluted 1:3 with distilled water for 8 min; [22] (2) and (3) treatments with eugenol or thymol (99.5% purity and purchased from Sigma), were performed by placing 75 μL of these EOs on sterile gauze inside the package, avoiding the contact with the fruit, and hermetically sealed; [20] and (4) immersion in distilled water served as control. All treatments were packed in a container (60 × 165 × 245 mm) and sealed with low-density polyethylene film (LDPE), which its permeability to carbon dioxide and oxygen is 7700-77,000 and 3900-13,000 cm 3 /m 2 /mil/day/atm, respectively, [23] then stored at 10 ± 1 o C and 85 ± 5% relative humidity (RH) in permanent darkness.
Microbiological and total soluble solids (TSS) analysis
For all microbiological counts, 10 g of sample were weighed under sterilized condition and transferred into 90 mL 1% peptone water and homogenized using a stomacher (Bag Mixer 400, InterScience, France). A dilution series of each sample was prepared from 10 −1 to 10 −6 , medium used was plate count agar for yeast and mold counts (PetrifilmTM Aerobic Count Plate, Laboratories 3MTM Sante, France). After incubation for 3 days at 25 o C, colonies on the plates corresponding to dilutions showing between 30 and 300 and colony forming units (CFUs) were considered. [20] The results were expressed as Log CFU g −1 . All tests were run in duplicate. TSS was measured using a pocket digital refractometer (Atago Co., Ltd., Tokyo, Japan) with a range of 0-32%, by placing 1-2 drops of clear fruit juice.
Ascorbic acid and lycopene determination
Ascorbic acid content was determined by titrating a known weight of sample against 2,6-dichlorophenolindophenol dye using 3% metaphosphoric acid as extracting medium. L-ascorbic acid was used as standard and the results were expressed as mg 100 g −1 fresh weight (FW). [24] Lycopene extraction was based on the method described previously. [25] In brief, tomato fruits were finely ground using mortar and pestle. Ground tissues were kept on ice and out of light after preparation and until assayed. Approximately 0.5 g duplicate samples were weighed from each sample into two vials that contained 5 mL of 0.5% (w/v) butylated hydroxytoluene (BHT) in acetone, 5 mL of 95% ethanol, and 10 mL of hexane. After shaking, 3 mL of deionized water were added to each vial and the samples were shaken for an additional 5 min on ice. The vials were then left at room temperature for 5 min to allow for phase separation. The absorbance of the upper, hexane layer was measured in a 1 cm path length quartz cuvette at 503 nm blanked with hexane. The lycopene content of each sample was then estimated using the absorbance at 503 nm. The amounts of lycopene in tissues were then estimated by the following formula:
A503 the absorbance at 503 nm and 3.12 is the extinction coefficient. [25] Measurements of antioxidant activity (AA) and TP AA and TP were determined by the method previously described, [26] with slight modification. For each sample, 5 g of fruit pulp were homogenized in 10 mL of 50 mM phosphate buffer pH = 7.8 and then centrifuged at 13,000 rpm for 15 min at 4°C. The supernatant as extract was used for AA and TP quantification in duplicate. The radical-scavenging capacity of extracts of fresh samples was measured using the enzymatic system composed of the ABTS (2, 20 azinobis 3-ethylbenzothiazoline-6-sulfonic acid diammonium salt, Sigma-Aldrich) the horse radish peroxidase enzyme, and its oxidant substrate (hydrogen peroxide), in which ABTS•+ radicals are generated and monitored at 730 nm with a ultraviolet-visible (UV-Vis), recording spectrophotometer (Helios Zeta UVVIS, Thermo Fisher Scientific, UK), at exactly 1 min after initial mixing. The decrease in absorbance after adding the extract was proportional to AA of the sample. Ascorbic acid was used to prepare the standard curve and activity was reported as mg ascorbic acid equivalent 100 g −1 . TP were determined using the Folin-Ciocalteau reagents. In brief, the extracts were appropriately diluted and then oxidized with 2.5 mL of freshly diluted (1:10) 2 N Folin-Ciocalteau reagent. This reaction was neutralized by adding 2.0 mL of 7.5% w/v sodium carbonate, and the samples were shacked by vortex for 20 s. The samples were then incubated at 50 o C for 5 min and the absorbance was measured at 760 nm. Gallic acid was used as standard, and results were expressed as milligram gallic acid equivalents 100 g −1. [26] Statistical analysis Data from measured parameters were subjected to analysis of variance (ANOVA). Mean comparisons were performed using Tukey test to examine if differences between treatments and storage time were significant at p < 0.05. Correlations were performed between TP and lycopene with AA taking into account all sampling dates.
Results and discussion
Lycopene and ascorbic acid
As shown in Fig. 1a , after 8 days of storage the lycopene content was higher in EOs treatments while there was no significant difference between aloe and control treatments. However, at the end of experiment, it was higher in aloe-treated fruit followed by eugenol, control, and thymol treatments. After 8 days of storage, no significant differences was observed in ascorbic content of tomato fruit in different treatments (Fig. 1b) , but it was higher in EOs and aloe-treated tomato in compare to control at the end of storage.
Lycopene content increased from maturity to ripening stages and then decreased toward senescence during storage. [27] However, the pattern of lycopene accumulation may be influenced by different treatments and storage condition. [27] A. vera gel treatments as edible coatings had efficacy on modification of the internal atmosphere (increase in CO 2 and decrease in O 2 ). It was shown that coating of peaches and plum fruit with either aloe vera or aloe arborescens gels significantly delayed ethylene production eventually leads to preserving the quality of climacteric fruit. [28] Delayed senescence in tomato fruits may results from lower microbial activity leads to maintenance of overall quality of fruits.
The ascorbic acid contents of tomatoes showed significant increase during storage, regardless of applied treatments. This effect has also been observed earlier in tomato and was attributed to ripening process. [5] Tomatoes are a rich source of ascorbic acid; [6] however, conventional handling has a very detrimental effect on their ascorbic acid content. [29] This method of marketing based on active packaging allows the retention of ascorbic acid content, particularly suitable for retail market and valuable in regards of nutritional fact.
AA and phenolic compound
The level of AA was 35.82 ± 3.92, 42.70 ± 3.95, and 36.35 ± 1.72 in control, eugenol, and thymol, respectively, after 8 days of storage, which decreased and reached to 24.22 ± 0.70, 25.01 ± 0.93, and 27.92 ± 3.26 at the end of storage. However, the aloe-treated tomatoes maintain the AA throughout the storage with a value about 35.5 mg equivalent ascorbic acid 100 g −1 (Fig. 2a) . The levels of phenolics content declined over the 16-day period of storage in EOs and control treatments, but aloe-treated fruit has shown slight modification and keep the content nearly constant during storage, therefore, its level was higher in aloe-treated tomato compared to eugenol, thymol, and control treatments at the end of experiments (Fig. 2b) .
Days after Storage
The antioxidant capacity of aloe extract was reported in many studies. [30, 31] Individual phytochemicals identified in aloe gel included various phenolic acids, polyphenols, phytosterols, fatty acids, indoles, alkanes, pyrimidines, alkaloids, organic acids, aldehydes, dicarboxylic acids, ketones, and alcohols. Due to the presence of the antioxidant polyphenols, indoles, and alkaloids, the aloe gel shows antioxidant capacity as confirmed by different analyses. [31] It was shown that coating of table grape based on aloe gel significantly delayed color changes and accelerated softening and ripening. [32] Moreover, the sensory analyses revealed beneficial effects in terms of delaying rachis browning and dehydration and maintenance of the visual aspect of the berry without any detrimental effect on taste, aroma, or flavors.
It was reported that EOs components such as thymol or eugenol have an ability to increase phenolics levels in avocado fruit. [33] They suggested that thyme oil has the ability to act as a signaling compound that triggers a signal similar to a mild stress condition on the fruit. Aloe gel treatment is considered as an edible coating, but at the same time contains different antioxidants, protecting fruit from accelerated ripening process. Caffeic acid, p-coumaric acid, and ferulic acid are phenolics which identified in tomato fruit and caffeic acid was the predominant phenolic acid in "Oregan Soring" and "Red Sun" cultivars of tomato fruit. [34] Days after Storage 
Correlation analysis
Antioxidant potential of tomato fruit depends on carotenoids and phenolic compounds. [4, 5] In the present study, significant correlation was found between AA and the TP content (R 2 = 0.72**, p < 0.001), but it was not significant (R = 0.26, NS) for AA and lycopene. Thus, it might be possible that phenolic compounds in tomato fruits have affected the AA more than carotenoids. It has been found that antioxidant characteristics of tomato fruit showed significant linear correlation with polyphenol and hydroxymethylfurfural content. [4] Similar results from many studies showed that there is a positive correlation between phenolics compounds and AA in Alperujo varieties [35] and Citrus bergamia Risso. [36] Potential beneficial health effects of the phenolics in food [3] and different parts of plant [37] were studied and revealed that phenolic compound present in food may lower the risk of health disorder because of their AA. Therefore, the dipping of tomato in aloe gel may also be helpful in improving the efficacy of tomato consumption.
Microbial activity and TSS
As shown in Fig. 3a , aloe markedly inhibited the mould and yeast growth during storage with the greater inhibitory effect at the 8th day of storage in comparison to other treatments. Moreover, thymol-and eugenol-treated tomatoes showed lower counts of mold and yeast during storage at 10 o C as compared to the control. Therefore, the rate of mold and yeast increased over storage, but the application of EOs and aloe gel led to significantly lower counts at the end of storage.
The antimicrobial properties of EOs have been recognized in nature [38, 39] and in combination with MAP in the table grape [19] and sweet cherry. [20] Aloe vera extracts were also reported to have antimicrobial functions and had the potential to significantly reduce the mesophilic bacteria, yeast, and molds in modified atmosphere packed fruit. [22] The antimicrobial activity of aloe gel was reported against plant pathogenic fungi, i.e., Penicillium digitatum, P. expansum, Botrytis cinerea, and Altenaria alternate. [40] With increased awareness by the environmental and health agencies and consumers about the harmful chemical residues in food, there is a growing demand in changing the legislation from chemical-based germicide to natural and safe compounds. Aloe and EOs are safe in nature and synthesized in higher plant and in compare to chemicals could be a promising means for the inhibition of microbial growth.
A gradual increase in TSS content of tomato fruits was observed during the complete storage period (Fig. 3b) , but in control fruit, it increased until the 8th day of storage, and then decreased into the end of the storage time with a value of 4.5%. The level was highest in thymol-treated tomato with a degree of 5.08%. At the end of storage, the TSS content was higher in EO-treated fruits followed by fruit coated with aloe gel.
Conclusion
From the current results, it may be assumed that the pre-treatment of tomato with aloe gel dipping or inclusion of thymol or eugenol into the MAP may have the potential to enhance bioactive component of fruit, including phenolics and lycopene, which results in higher AA. Furthermore, it was found that these combined treatments reduce the incidence of microbial spoilage inside the package. These benefits will provide higher nutritional value and healthy facts for the consumer and at the same time for growers to possess the possibility of extending shelf life, which is important for tomatoes marketability. Also, a good correlation was found between TP and AA, revealing that the phenolic compounds would determine the antioxidant potential of the tomato fruits.
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